Purpose: Chronic inflammation induces cancer and cancer induces local tissue damage with systemic inflammation. Therefore, the aim of this study is to investigate the potential relationship between the severity of inflammation and prognosis in cancer patients. Materials and Methods: This study enrolled 220 patients from January 2002 to December 2006 who underwent gastric surgery. We evaluated the relationship between preoperative inflammatory parameters (erythrocyte sedimentation rate, neutrophil-to-lymphocyte ratio) and other clinicopathological factors. Survival outcomes were compared according to the extent of inflammation. Results: Significant elevation of erythrocyte sedimentation rate was related with old age, increased neutrophil-to-lymphocyte ratio, decreased hemoglobin, increased carcinoembryonic antigen, increased tumor size and advanced TNM stage. Neutrophil-to-lymphocyte ratio was significantly correlated with old age, increased erythrocyte sedimentation rate and advanced TNM stage. In the univariate analysis, elevated erythrocyte sedimentation rate and increased neutrophil-to-lymphocyte ratio had significantly poorer survival than those without elevation (all P<0.05). However, the multivariate analysis failed to prove erythrocyte sedimentation rate and neutrophil-tolymphocyte ratio as independent prognostic factors. Conclusions: The elevation of erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio were correlated with poor prognosis in the univariate analysis and there was a strong correlation between inflammatory parameters (erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio) and tumor progression. Thus, erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio are considered useful as follow-up factors.
Introduction
Gastric cancer is one of the most common malignancies and the third leading cause of cancer-related deaths in men and the second leading cause of cancer-related deaths in women in Korea. 1 Several studies have shown the close relationship between gastric cancer and chronic inflammation, and the pathogenesis of gastric cancer presents as an inflammation-driven malignancy. 2 Persistent infectious agents in the host induce chronic inflammation, which result in repeated cycles of cell and DNA damage and promote the growth of malignant cells. 3 Although the exact mechanism is not clear, several articles suggested that tumor could induce inflammation in the host. 4 Growth and invasion of the cancer induces local tissue damage and causes systemic acute phase response. 4 So based on the fact that there is a close relationship between inflammation and cancer progression, [5] [6] [7] [8] we hypothesized that the progression of inflammation reflects the progression of cancer and predicts the prognosis of patients with cancer.
C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are widely used as biomarkers for inflammation. There are several studies on the relationship between CRP and gastric cancer, 9,10 but very few studies on ESR and gastric cancer. 11 Recently, with regards to the correlation between inflammation and prognosis of cancer patients, many studies on neutrophil-to-lymphocyte ratio (NLR) have been performed. 6, 7 So, in our series, we analyzed the correlation between inflam- 
Measurement of serum samples
The measurement of serum ESR, white blood cell (WBC) count and tumor markers (CEA and CA19-9) were performed preoperatively. ESR was assessed by the modified Westergren method, which was done by transferring 0.8 ml of potassium-ethylenediaminetetraacetic acid (EDTA) blood into a vial containing a defined amount of 3.8% sodium citrate (0.2 ml) solution. The upper limit of normal for ESR was 10 mm/h in men and 20 mm/h in women.
Absolute neutrophil count (ANC) was derived by multiplying the WBC count times the percentage of neutrophils in the differential WBC count. Absolute lymphocyte count (ALC) was calculated by multiplying the WBC count times the percentage of lymphocytes.
The NLR was defined as the ANC divided by the ALC. The cut off value for NLR was 2.15 (the 75th percentile).
Serum concentrations of CEA and CA19-9 were measured using a radioimmunoassay analysis. The cut off values for CEA and CA19-9 were 5 ng/ml and 37 U/ml. Values are presented as number (%). ESR = erythrocyte sedimentation rate; NLR = neutrophil-to-lymphocyte ratio; Hb = hemoglobin; CEA = carcinoembryonic antigen. *Below 10 mm/h in men and 20 mm/h in women. † P<0.05 was considered statistically significant. Values are presented as number (%). NLR = neutrophil-to-lymphocyte ratio; ESR = erythrocyte sedimentation rate; Hb = hemoglobin; CEA = carcinoembryonic antigen. *Below 2.15. † P<0.05 was considered statistically significant.
Statistical analysis

Correlation between the inflammatory parame ters and clinicopathological factors
Survival outcome
‡ Below 10 mm/h in men and 20 mm/h in women.
74.4%, respectively in the normal NLR group. The increased NLR group showed a statistically significant low survival rate (P=0.018) (Fig. 2) .
In the univariate analysis, the other clinicopathological variables were associated with shorter overall survival, increased CEA (P ＜0.001), increased CA19-9 (P＜0.001), increased tumor size (P ＜0.001) and advanced TNM stage (P＜0.001).
Multivariate analysis revealed that increased CEA (P=0.033) and TNM stage (P＜0.001) were independent prognostic factors for overall survival. Inflammatory parameters (ESR and NLR) did not show significance in the multivariate analysis in our study (Table 4) .
Discussion
Inflammation may occur in over 15% of all malignancies, and the close relationship between inflammation and cancer is widely Therefore, we hypothesized that the extent of systemic inflammation reflects the progression of cancer and the prognosis of patients with cancer.
The common biomarkers used for systemic inflammation are CRP and ESR. CRP is a sensitive indicator of current disease activity for inflammation. In gastric cancer, an elevated CRP level was reported to be an indicator of disease progression and advanced stage. 10, 12 Some researchers suggested that CRP could be an independent prognostic factor in patients with gastric cancer. 5, 10, 12 ESR is also used as an indicator of inflammation like CRP.
Measurement of ESR is inexpensive and simple to perform. It takes less time for measurement than for CRP. 13 Feldman et al. 14 reported that ESR and CRP were very highly correlated (P＜0.001). High ESR also has been found to correlate with overall poor prognosis for various types of cancer, including Hodgkin's disease, gastric carcinoma, renal cell carcinoma, breast cancer and mucosa associated lymphoid tissue (MALT) lymphoma lymphoma. 13, 15 According to meta-analysis on renal cell cancer patients, ESR was revealed to be a better indicator of cancer-specific survival than CRP. 16 So,
Fig. 2.
Overall survival according to neutrophil-to-lymphocyte ratio (NLR) (P=0.018). 17 Previously published studies have shown that lymphopenia is an independent prognostic factor for overall survival in several cancers. 18 Therefore, recently there has been increasing evidence that high NLR is a poor prognostic marker in colorectal cancer and gastric cancer. 7, 18 Also, in our results increased NLR was observed in patients with old age (more than 60 years old) (P=0.016), increased ESR (P=0.001) and advanced TNM stage (P=0.046). The increased NLR group showed a statistically significant low survival rate in univariate analysis (P=0.018). But multivariate analysis failed to prove NLR to be an independent prognostic factor.
This was a retrospective study, which is a limitation of our study.
Second, we evaluated inflammatory factors only in the preoperative setting. Third, various factors which affect levels of inflammatory factors such as age, and concomitant infectious or rheumatologic diseases were not controlled for. Although we could not prove that ESR and NLR are independent prognostic factors, we think that a well-designed large-scale study investigating these factors and cancer is needed.
In conclusion, our results indicated that preoperative elevated ESR and NLR could predict the advanced stage of gastric cancer.
But this study could not confirmed the prognostic value of ESR and NLR in gastric cancer patients.
